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-§-^ -^71 i^l-{Phenyl pyridine - iridium metal complex compounds for organic 

electroluminescent device, process for preparing them and organic electroluminescent 
device using them} 

5. 1^ •a^^'el -^71 ^^S-oitq-. 

1 : 2 : ^1 1 

3 : 4 : -B-7l^^f^ 

5 : 6 : ^^>^^# 

7 : ^^>^*a# 8 : ^1 2 

<7> ^ ^^'^^ -^7] ^7^1 ±7.}^ 1-^, ^oMl5^>7fl^ ^1-71 S^^^ IS] ^^d^^"^ " 

<8> 1] 
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<9> 




<11> ^ 12\ 

<12> ^ ^V,^ o. 2il^3lls]cl - ols^^ Sl-^l-^ ^-H-^V^ ^71 ±7\, 

^1 -H-71 i;^Hl ^^^i. -^-7] ^i-^-f^s] ^^^^ ^ l#ol ^7] 

15- S^lsl^ ^^1- 1^ o]^^ ^^t}^ ^^-^s. ^7] ^Tj] 4i>^Hl 

<i3> -ar'^fil ^^o] 7>^^^oll 7}^ ^^tb ^<^>^ *>M-^ i^i^eilol ^;^> 

S M-^ ^ ^cf. ^^^<^1 cl^l-eflolS-^ -S-^-tl ^(Cathode Ray Tube: CRT), ^^il 

^;^KElectroluminescence Display: ELD), ^7] ^-^l^-f:^ (Light Emitting Diode: 

LED), l-2l-^i^> ^;^> 3fl^(piazma Display Panel: PDP) ^o] ojcf. ns^Jl, h]^^^ 
efl'^lS.^ i^^l-eflo] (Liquid Crystal Display: LCD) ^o] oj^j:^, 

<14> Aj.7l^V ^V:^^ ^ aj^V:^^ C^^l-Eflo]^ ^oj-^ ^U] ^ «|7] ^ seg^- 

iB, 71^ ^^^^ ^Cf. ZLficIl, o] ^oilA^ ^71] 
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i#5]lol^ J^r^^^y} 7^7] ^^^o]7l nfl^«H] «fl^:^(back light)<^l , 

fl£7l- ^c>1^ o>u|el- 7}:^] ^^^^ 'Sn;^ c^^s-eflojo^ &^]^* 

^Hlifl T^^l-eflo] 7.}E]^ ^^S. ^cf. 

<15> Cfol^c^ ^S. ^Bfll- ^7] 7^M.7} A>-§-S)7l tflM^^ ^^1 ^ 

^ :d^:^H ^-§-*>7l7> ol^cf. atb. -¥-71 ^fl^l- ol-g-t!- ^^}^ ^-f ^^^<=>] 

200 V '^l^l- ^^s>JL, 7>^ SE^ :il7>^ ^^o] ^4. ^SIM-. 1987id ^l^H^ ^^^l- 
(Eastman Kodak)<Hl^i ^yr^om- ^j^Calumina quinone)^! e}^ It-^"^^^ ^2^^ p^S.^ 
€ ±^}y} "^S.^ <^l2flS. -B-7]#^ ol-g-^V :^:^] ±7^c^ <^^7} 

<16> ;^7j] :±.:^l-(electroluminescence device : EL device)^ ^^-l^Ceininiter layer) ^ 

^^-g- ^]1S<H1 ll-Ht -?-7l ±7.}9]. ^7] ^Tfl ^% ^7.}S. 

<17> 0.7^ ^^].^ ^^A^ -^7151-^1-^ ^7]^o_^ <^7ls><>^ ^V^^^ 

^;^>S- ^7] ^Tjl ^V:^ ^^H1 ^^J- ^ -g-^ ^S. ^^^o] ^^^}JL t^^^7} 

7]-^*Vcf^ 7MJ1 ^Cf. 

<i8> ^tt, ^^>fe ^ l-H^l ^<a- <ii7Hl'^i ^^^>^ €£^1 JI 

# -§-^. ^^1<^>^. cfA^ ^^o] 7>^3r>i:f^ -f^t!" SJcf. 

^E^. §^ 21]^ i:l^#2^1ololoi]A-1 -g-g-o] 7lcHslJ7 o;t4. 
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<20> -H-71 1987ido]l C. W. Tang -^o] 2^^^ ^-§-^<y iL^> ^^^^ ^:il*> 

^cf (Applied Physics Letters ^]51^ 913-915 ^o]^] (1987\1)). <>i7lA^ ^7] 

t:]o>ni ^ol^l^ ^m^^ ^^^)^- ^^iS-^^^^^]o]S.m^^]^( 

^^l^q- ^Sl- A>-g-^o.s.^ ^^oilAi -^7lf^o.^S] ^^>5f ^^o^ ^j-^* ^-IsrV 

Al?li, ^71^ vfl^ofl ^<HA-1 :^7^9\. ^^fil 711^^ ^1-^ ^7]-A]fl^ ^o] 7}^^r]., 

<2i> n ^, C. Adachi t^^^^ 3f^ Japanese Journal 

of Applied Physics ^1 27^ 2S. L269-L2712flol;^] (1988id)) ^ "^^^^ 
f.oflAl -^o^^^l^ 2f^ ^^(Applied Physics Letter ;^155^ 15S. 1489-1491511 o] (1989id))^ 
^7] ^;^>1- JL^«^>J1, 7flS. ^ H S^oll 

<22> :i.Aj.O^ 0.7| ^;,|.^ ^ ( ) ^^j 2 ^^(-g-^), ^7] ^ ^ 

^ 9X^. -6-71 ^B^l^ ^7]\s] ^7]^, ^ 4i^H sx^^^ ^ 

^^J*>:a ^^^m 4^ ^^V ^^f^ ^ ^'a^ 

, M-iH*^^ $14. -B-71 ^11^1^ ^^7] 

<23> :^V^tlr ^3:51 -B-71 ^711 :^^>^ ^1 1 ^ ^^^#/^l 2 ^^^S 

^ Xi4. at!- -fi-71 7l^## ^1 1 ^^/^^ ^^#/^^ ^^f^/^^f^ 

/^AA 2 ^^^5. -H-71 di^m ^ ^cf. 
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<24> Aj.-^ i3>sq. ^si- ^711 4i;^>^ ^-g- cf^^ ^cf. 

^^*V<^ ^v:^#ofl ol^^i:]-. t!-^. ^^>^ ^^o.s:^E^ ^^^^ ^-e-^H ^^^f^'^l 

^«?JslJl, ^^^f- ^^<^l^i 7flelcH§<^l ^M^^M ^^l^(exiton)^ ^5^^tl:i=f. o] <^a]^o] 

^>^^#o.^Ai^ ^lEflS-Jie^ A>-g-s)olxlj7 o;icf. «v 

S^HS^i ^7l^>:t#^ ^^^v^l^ ^71'i-^l-^* ^}-%-^}^ ^^t!:^. 

<27> -^7] :?i7ll ^Vig- ^;^].cHl A>-g-il^ ^^l-^ofl cfltV 2^CH ^^x^> Jl^^ oj^^v 5% 711<:>51 

<=H^^. '^le-it!- *a^^>3l#^ 711^^ ^ 51-^^ n^^* #7M^ ^ 514. 

^^l-7> c^7l ^j-Efl^^E^ 3^cfljL#^ ^-^^ 25%<^li 91^^ 75%7> 

^t:f. HSiS-S. o]^^ ^^S.^-^ ^fe -^71 ^/C>S1 -a-71 

, W>^2l3;V7fl^ ^^#<H1 £'a*>'^ 4l^>^ Sl^Al7lJl^V Sl-^ AlS7> S] JL ol n]- 

<28> o]s^^ Clciil-^lolol t!:7Ml -H-71 ^711 -a-71 

^, w>^2l*>7ll^ ^^^#<H1 ^-§-^ ^^Jl#* 7>^ 1-^^ 7m^}^ ^^1] -B-71 
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^^Jl^* A^]^ ^^S. '^^^^ 9Xt\- (Nature 403^ 750-753 ^H^l^^l (2000\i)) . 

<30> ^ i^tg^ -a-71 ^A^] -y^-t!: sll'd^s^^ - ^^l^l-^ 

<31> a^V, ^ ^t^^ ^7] 1-^* ^-H-*>^ -^7] ^Tfl 4l^>, ^M1^>711^ ^% 

^% ^7}d\] $X^A], ^7] -H-71 ^^^f- l^'^*! ^ ^^'^l #^ 1 

^ ^-B-^V^ ^^^S- ^71 ^7^1 ^7}m: ^]^^}^ ^^^S. tbcf. 

<32> >^V7lt!: ^'^^*>7l ^^><^, ^ ^'^^ ^>7l IS. SAl3^^ ^7] ^^>-g- 

<33> [Sl-^VAl 1] 
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<34> 




<35> ^7] ^oflA^, 

<36> Ri, R2 ^ Rs ^ 1 xfl^^l 18^ ^ifl lE^ ^ifl^ 'a:^7l, ^ 

^ 5 tfl^l 18^ , 5 ^fl^l 18^ ^l^S.-^:^?!, N, 0 ^ S 

S-Jiel7ll- u^-E^-^ ^ ^71^; Ri. R2 ^ Rs ^ 27fl oj^l-o^ 7l7> ^^S. ^^5l<H, ft^l^ 

57fl 207fls] jie:), eI-^^ 5 xJi\y(\ 207fl^ Jie), N. 0 ^ SS. oi^o^ 

^^^^ ^ 




Ir-1 Ir-2 Ir-3 
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<39> 19] ^l^^l*^ 1 vfl^l 10^ •y:^7l. 1 ifl 

<41> ^V7] Sl-*^-^ IS^ 

<42> 1) ^].7l ^t)-^ 2^1 sll^jilsl^ IrCl3*xH20 NasIrCl 6*xH20 ^ ^-§-^1^ 

<43> 2) 1) ^^^11- *>7l Sl-^^ 3^ ^-tl-^ ^-§-^l?i ^^^>^ 1 

<44> [Sl-«j-^ 2] 



<46> Rl. R2 ^ RS ^ ^"S^m. 

<47> ;*fl2:«J-^ ^^11 ^>^1<^1>H^ ^-i- 0 r 140 -C, W>^3|*>7llfe 100 IC 

135 IC^IJI, ^-§-'^1^^ 1 i^^l 240 ^1^, H]-^^*>7ll^ 10 48 ■%■ 

# O.OOOltifl tfl^l lOwfl. «l-^2]^>7fl^ 0.1«ll lHfl7> ^o] ^cf. 




<45> i^^-^] 31 
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<48> 2 ^TfloflA^o^ ^o. ^s.^ 0 'C vfl^] 140 1C, H]-^2]*>71]^ 100 °C 135 °Co]jL, oV-g- 

0.01 240 ^1^, w>^3i^]-7l]^ 0.1 10 ^l^^H. -g-°flS.^ 

^1 51-^1- si ^^^1 (1)^ sl-«h^ 3^ A].^^^ oie^f. 21-^1 2}-^l:Sl ^^^1 (i) s)-^ 

#<^1 tHt!: 3^ # al#<^l O.Olwfl ^fl^^l lOOnfl, w>^3i§>7fl^ O.ltifl vfl^] loafl 

7} *m ^<^1 ^-§-^ 'S7l>§l-^oi ^^>^ ^^a: 

<49> ^ «Vcg o. jgc^ >^7l 2j.^Al io| s)-^^^ ^-a-^V^ -B-71 ^^1 ^^>, ^Ml*>7fl^ 

^ 1-^ 1^ ^1^^^ ^^*>^ ^^-^s. -B-71 ^^1 i^>« 

^ lc^€- sl-^l-^ ^^f'<=Hl^i ^^-^S. S^BS AV^^cf. 

<5i> ^ ^1^^ ^>-§-*><^ ^l^tb -6-71 4i>^>^ cl-<y=t!: ^Al^Efl7> 7l-^^>i:l-. 

7l^^o.s.^ tt^vo^ ('y=^ ^ ^><=>H1 ^7l^^i^jL(«]:^Al ^^a^ol of 

qcf), oi7lo]i ^^oii tcj-ei- ^^^<a# ^/BE^ ^^^^f^ ^/afe ^^V^'af' ^/^fe 
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'a-*at!:i=f. ^^1^ ZL ^^^s] c^]* 1:^, (1) <y=^/^^w/^#. (2) <a=^/^^ 
^^f^/^^^#/-i-^. (3) 'a^^/^^^^f^/^^v^^^/'g-^, (4) •y^^/^^^'i^f^/^^^^^f^/ 

%^^#/^^, (5) «^<}=^/^^^<a#/^^^^f'/%^^#/^:^>4^4^#/^^, (6) <3=^/^^^SJf^/ 
^J^^^#/^^^#/^^V^^#/^^>^*a#/^^. (7) <a=^/^^^^#/^^#/^^>^^#/-§- 

^ ^ (8) <y=^/^^^^^#/'i-^#/^^^i:s.^j#/^^>^^f^/^;^>^°g^/^^ f-oi ojcf. >^ 

^^D^, -B-71 ^^1 ^>^H1 ^>-§-5l^ es}. <^1* ^■'a, -H-Sl, ^ 

<52> ^ ^Vrgo| o.7| ^v:^ ^^y^ ^^^^}^ ^ ^ ^l"^ ^fl^'^l ^^1^ 

<53> o]^7ll ^^^^ z]- ^, d\]^zi\ cUtfl^i^ ^^^1 ^ji, ^^^1 

<54> a*}., ^ ^^Sl ^;^] ±7\<^] ^<H^^^ '^=^^3.^ *a^^7> 4.0 eV «^l>a--^S. e 

o^l^^ ITO, Sn02. ZnO, Au -£^^^ l:^'^ ^flS* » 

<55> SEtb, ^^1-^^ SE^ rfiSilEi^ (sputtering) -f-Sl ^J-i^* -g^]^*^ 

<56> tb^, ^^o.^.^ <^^==r7l- 4.2 eV ojs^l-S. ^7l^iE^^ ^ oj^-o^ s. 
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^1^. ^^-^.S-Ais^ ^^-^ a /ram ol*>^ ^o] vi[^^^}Jl, 

-i-^o^ 10 nm ifl^l 1 ym, wf^^^VTll^ 50 200 nm '^^<^l^i ^a^^^cf. 

<58> ^ ^tigsi -e-71 ^;^HlAi^, ^ -i-^fil tb^ tfl^l ^^^-2- 

<59> ^ -a-71 ^Tfl AV-g-^ ^ Cl-^ ^^^°J711S ^ CflSfl 

<60> ^ ^vx^o^ 0.7^ ^v:^ ^;^|.o]i o;icHA^o^ ^^>^^ ^-^tb 

*M ^1^^ ^2fl ^^1^ 'a^^ -Jd^^H >^>-§-^ ^ 9X^. 

<6i> cf-i-o.^^ ^1-71 (8)51 ^^^1- 71 ^o.^ tb ^ -R-71 ^711 i^l-1- ;^l^*V^cil ^ 

<62> (1) Jfi^ 71:^ ^<H1 ^ 10 ~ 1,000 nm ^^1 1 ITO* ^^^^tb^. 

<63> (2) ZL ^oil NPD(N.N'-dinaphthyl-N,N'-phenyl-(l,l'-biphenyl)-4.4'-diamine)* ^V-g-^V 

c«l ^1= Inm ~ 200nm -^^1^ T^^f^* ^^^tbcfi 
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<64> (3) nf^ CBP(4,4'-Bis(carbazole-9-yl)-biphenyl)-i- ^V-g-s^V*^ ^ 1 nm ~ 200 nm ^^S. 

1^ 51-^1-* i^BS-^i ^1= 0.01% - 40 % ^£ ^7>t}-cf.) 
<65> (4) BCP(2,9-Dimethyl-4,7-diphenyl-l,10-phenanthroline)l- ^>-g-*><^ 1 

run ~ 200 nm ^^S. ^^J^cf. 
<66> (5) n ^ofl Alq3(tris(8-hydroxy-quinolate)aluminum)^ ^>-§-^V<^ 1 nm ~ 200 nm -r- 

TflS 

<67> (6) cf-S- 0.1 nm ~ 200 nm -¥-^^121 ^^5^^# SE^ '^r^slS.^^ ^^#5. ol^o^^ ^ 

^} ^^^^^ 

<68> (7) ^ 10 nm - 1000 nm ^^S^ ^1 2 Mg/Ag* 

<69> o]^]., ^ ^V.^o:| - O]^^ ^^^ojl ^ o] Sl-^l-l-o] ^-g-Sl^ 

:^;^H1 ^>7l •^^^<^1 ^ ^Al<^loflA^ ^^^>7lS- , ^ 

<70> 

<71> [^>^^ofl 1] 

<72> (1) O]^^ S}-^l5l-^#o^ ^ZfL^l^ 1 ^ 

<73> 100ml '^-§--§-71011 5ll^3i]s^T=i(1408 mg, 9.07 mraoD^f IrCl3*3H20 (800 mg. 2.27 mmol)^ 

\§JL ^±7]^t}o\]A^ -g-Dfl, 2-«^l^Al6fl^# 30ml* ^JL 6^]^} '^■S^<^]'^^ 51^^ 

^ 12^]^ ^''J: 100 t:<HlAi $^tii..§-Al^cf. ^-^rTP}^] vfl^ t:^^ G4 

^ -^ej^ElS- o^sf^ ^ o] ^^1-^ MeOH(15 mOS. 3«! I^^'^cf. -B-S^€E^o^l CH2CI2* 
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^. 

<74> 3S.i^>J£llHflilS. ^^^Isl-^l-Sl ^^^1. 1 700ing 58%)# <9 

<75> (2) ols1# 21-^1- (Ir-D^q 

<76> 50ml ^-§-g-7loll [^^^<^] 1] (l)«>fl>H ^T^^l, 1 (50 mg, 0.0467 mmoO^sl- 3-^]^ 

-2,4-^^c^-g: (53.3 mg, 0.467 nunoDSl- K2C03(50 mg)# ^Jl 7]^ *Hl^i ^^1^ -g-"fl . 

lOmll- ^Jl 1^1^ -^oV 100 °C<^1H €-^^-§-^mi:^. ^l-^^V^l ^£1" tfl^ 
^^1-^ G4 A>oiscq o.e]^E-ls c^jq-tV ^. o] ^^1-^ MeOH (5 ml)S 3^ l^'^l'^^. 

<77> a.^p>£zlHfl2l^ ^el^><^ sl-^l". Ilzi 55mg 96%)# 

<78> (3) Iizl 

<79> ^ol;^! NMR ^ ^^^^7l# AV-g-^V^^ ^^>^2:1- ^^^V^I-^H Ilzl 

NMR ^^(iHNMR (CDCI3)): 58.5(d. 2H), 7.8(d. 2H). 7.7(t, 2H) , 7.5(d. 2H), 7.1(t, 
2H), 6.8(t, 2H), 6.7(t. 2H). 6.2(t, 2H) . 2.1(s, 3H), 1.8(s, 6H ) 
<8i> :^]^^] : 614.15, ^^^1 : 614.25 

24-17 



1020020076208 #^ 'U^} - 2003/10/30 

<82> ^l-7loilAi ir-i 5}-^#Sl cfw^l- . 2}-^^ 1^1 ^^}^ 



<83> 




<84> ^A^^ -^71 i^Hl >^]-8-*>7l ^^Vc^ ^2|- ^^11- A>-g-*>0^ 



<85> [^Ajo^l 1] 

<86> ^ ^Ajo^l^ Ir-1^ ^-a^ S-^B-S, CBPl- ^iBS. a>-8-*1-o^ -^7] ^Tfl 4i;^>l- /^l 

<87> o.^^ j-ro7> -B-el'^^l NPD 

(N,N'-dinaphthyl-N,N'-phenyl-(l,l'-biphenyl)-4,4'-diainine)l- ^^^^h^H SOnm^l -r-^lS. 
^^^=1^^^^^ ^^^*>^4. CBP(J:im)<^l Ir-1(S.^B)^ 1.0% 
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¥^1 30nmS ^^^*>^^-. =L ^^}^o^S. ^^l-S^Jf^(BCP; 5nm), ^7.}^^%^ 

(Alq3; 40nm), (Li20; 25 nm). ^ -i-^CMg/Ag; 100 nm)^ ^^V^^S ^^#2h^><^ 

^Tfl :5i^>l- ;»11^*>5S^. 

<88> o]s\. :^o] ^X\ci\] io| o.7| ^w>olol>, ^oj-o. 7].^|.a^ M. 

^7>s>^r:}. ^^A^^ ^A^ojo^o.^^, e^tb 530nm ^e<Hl 3i]al- 

5^-^ ^^cf. :£tb. ^'a-^S. ^t!" 8.2V«^1>H 5,000 cd/m22l 
=7^ ^^-2.0^, <^l°fl^ 14 Im/W 



<89> [^Ajc^l 2] 

<90> ^ ^Alc^l^ Ir-2^ ^^ H^BS., CBPl- Jl^iHS. a>^b:>o^ -fi-y] ^^^^^VS ^1 

<9i> -OAi^ ^^^^ 1107} #3}-^ NPD 

(N,N'-dinaphthyl-N,N'-phenyl-(l,l'-biphenyl)-4,4'-diamine) ^ ^^^^v^H 50nm^ -r-^l^ 

^^J*>5ii=f. ^^^^^ CBP(J:iB)<^l Ir-2(£^H)^ 1.0% £^*H 

^^^1 SOnmS- ^^^*>5^^. ^o|l ^^>^o.^ ^^Ir^^a^CBCP; 5nin), ^^}^^^ 

(AlqS; 40nm), ^^V^^^^ (Li20; 25nm), ^ ^#(Mg/Ag; 100 nm)^ ^:xl-^o.s ^^#^^3:>o^ 

-^71 ^^1 :t^>S >il^*>Scf. 

<92> olsq. :^oi ^^1<^1 2sl -B-71 ^^1 4i;^H ^'a-* 7]-*>oi ^ 
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-bi^B^-i- '^9X^. at]:, ^*a-fl-£ 6.8Vo11^i 5.000 cd/m^^ 

^ ojuflo^ jr^^ 13 Im/W Slicf. 



<93> [tlliil<>l] 1] 

<94> Ir(ppy)3 (Iridium(III) tr is(2-phenylpyridine))* ^>-§-*>^ ^1^^>JL ^a] 

o^i 1 ^ 2sq- ^^^^ wj-'^^^ wliii^a^^ -B-71 ^711 4i;^>* ^]3i^}SX^. 

<95> o]Si). ^O] IS] -^-71 ^7^ci\] ^M}o]o]^ ^'^^^ 7>*H ^■ 

^^•^ ^^mW. "^^^-Br ^^o]9X^^, 510nm ^e^ll itla* 

^v- ^^E^ o- ^^c].. ^<a-^H ^tb wV, 9.8V<^l^i 5,000 cd/m2^ 

^* ^ <^l°fl^ JL^^ 5.3 Im/W ^1^^-. c>l5i ^ ^Vrg^il ^tj-H.;^! o] 









(V) 


^S. (cd/m^) 


( Im/W) 


(nm) 


^Ajoil 1 


CBP 


Ir-1 


8.2 


5,000 


14 


530 


^^Hl 2 


CBP 


Ir-2 


6.8 


5,000 


13 


525 


H|51<^| 1 


CBP 


Ir(ppy)3 


9.8 


5.000 


5.3 


510 
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11 

[ 1] 




Rl. R2 ^ Rs ^ =-^2^0.^ 1 ^JS\^] 18S] 'y:^7l, 

wl^l^^ 5 i^^l 18^ 5 ^^1 18^ ^l#S-<a:^7l, N. 0 ^ SS. 

2^711- u^Bl-'i ^ $i7lM-; SE^ Rl, R2 ^ Rs ^ 27fl ol>a-Sl 7]7} ^S. 9^^S\o], 57fl 
20711^ JIBl, 5 ^fl^l 20711^ JL&I. N, 0 ^ SS- 01^.0^^ 5- 

21 

^1 1 ^^'^] 9X'=^^^, *l-7l Ir-l, Ir-2 £^ Ir-S^l 5|-^^. 
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Ir-1 Ir-2 Ir-3 

[^^^^J- 3] 

1) t}7] s^^^ 22] n^sq^^ IrCl3*xH20 BE^ NaalrCl 6*xH20 ^ ^-§-^17^ 

2^^^ ^^1-^^ *m ^1 1 ^HMi ^2^^ s}-*!-^ 1^1 21-^1-2] 

[21-^^ 2] 
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^^ ^^V: 2003/10/30 



*J-<^l^i IS. s.^]^^ ^^1- 1^ oi^^ ^-B-*>^ ^ 

oJf.o^ C^f. ^2:"^^ ^^I^S. s:]-^ -^-7] ^% ^^>. 

61 

^>-g-^* ^^1-^^ >l7l] 4:^>. 

[^^^J- 71 

^1-^^^ ^^-^s. *m -^71 ^^1 4i^>. 
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